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Static stiffness calculation model of water-lubricated
rubber stern tube bearing
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2. Key Laboratory of Marine Power Engineering and Technology of Ministry of Communications,
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Abstract: In order to shorten the distence between the experience value and actual value of water-
lubricated rubber stern tube bearing, a static stiffness calculation model was proposed by
phenomenological theory. The calculation model was linearized to obtain the parameters by linear
regression method and finite element method. Significance test for the influence factors of bearing
static stiffness was carried out by difference method. Test method offered the stiffness correction
coefficient, which verified the correctness and validity of the model. Analysis result shows that
the most significant influence on static stiffness of stern tube bearing is length-diameter ratio, the
second ones are modulus and pressure ratio, and the last one is rubber thickness. Compared the
static stiffness model with the methods of estimation or experience in references, the minimum
and maximum relative errors are 0.41% and 34. 77 % respectively, indicating a closer value to the
real. With the increase of pressure ratio, the static stiffness increases nonlinearly, the maximum
change value is 1. 83X} 10° N e m ', 7 tabs, 2 figs, 16 refs.
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Fig. 1 Bearing structure
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Tab.1 Orthogonal table with four factors and five levels
K
ES
1 2 3 4 5

UM AR i / MPa 16.0 21.6 34.3 49.2 71.6

K2t 2.0 2.5 3.0 3.5 4.0

A4 e B/ mm 10.0 11.0 12.0 13.0 14.0

I &/ MPa 0.1 0.2 0.3 0.4 0.5

M2 AN b, 2z B R ESH C
9 6.009 4X 10 °,C, J 1.846 2.C, Jy 0.720 7,
C, 7 10.416 4,C, 24 0. 288 7. K #l & J5 22
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Tab. 2 Calculated result of static stiffness

n n

2 :Ih 2 :141
i=1 i=1
n n
Z :‘1‘21 Z :‘1‘41
i=1 i=1
n n
E :1'31' E :1',11'
i=1 i=1

n
2
2.
i=1

il ’Kﬁ Ktk bR | R/ e Hs / ﬁ% Wi B2 /7
AR MPa mm MPa (108 N+ m™ 1)
1 2.0 16.0 10. 0 0.1 2.52
2 2.0 21.6 11.0 0.2 3.17
3 2.0 34.3 12.0 0.3 4. 46
4 2.0 49.2 13.0 0.4 5.92
2.0 71.6 14.0 0.5 7.97
6 2.5 16.0 11.0 0.3 2.91
7 2.5 21.6 12.0 0.4 3.61
8 2.5 34.3 13.0 0.5 5.17
9 2.5 49.2 14.0 0.1 0.71
10 2.5 71.6 10.0 0.2 1.47
11 3.0 16.0 12.0 0.5 3.49
12 3.0 21.6 13.0 0.1 4. 04
13 3.0 34.3 14.0 0.2 5.93
14 3.0 49.2 10.0 0.3 11. 90
15 3.0 71.6 11.0 0.4 15.70
16 3.5 16.0 13.0 0.2 32.40
17 3.5 21.6 14.0 0.3 4.16
18 3.5 34.3 10.0 0.4 14. 90
19 3.5 49.2 11.0 0.5 19. 20
20 3.5 71.6 12.0 0.1 27.00
21 4.0 16.0 14.0 0.4 3.93
22 4.0 21.6 10.0 0.5 7.25
23 4.0 34.3 11.0 0.1 15. 60
24 4.0 49.2 12.0 .2 20. 50
25 4.0 71.6 13.0 0.3 16. 50
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Tab.3 Variance analysis result

Ty 25 KR 7 H FAi
K12 900. 397 4 5.848 0
L AR 241. 222 4 1.566 7
OB S 94.730 4 0.615 3
A 171. 889 4 1.116 4
W% 307. 932 8
A 1716.170 24
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WETF TR Tab.5 Stern tube rubber bearings’ main parameters
FRHIR S8 KEL | BRJE R/ mm | R ER R/ MPa
o Hk[14] 2.5 12.5 6.5
[ 2 I kDt 2
k15 y 7. 8l16]
Fig. 2 Test principle of static stiffness CiRkL15] 4.0 12.5 7.8
R4 BAELLR R 6 CER[14]15 AT ER A B X LL
Tab. 4 Comparison of static stiffness Tab. 6 Static stiffness comparison of reference [ 14]
HJE /MPa and this paper 105 Ne m™!
B 55 ,
0.10]0.15{0.20]0.21]0.25]0.30{0.35]0.40 b HE/MPa | 0.10 [ 0.15 ] 0.20 [ 0.25]0.30|0.35]0.40 | 0.45 | 0.49
A | 14.9|14.4 (15,3 [15.8 [17.1]17.2|18.4|18.0 AICHHE | 1.16 [ 1.31 ] 1,421 1.52 | 1.60 | 1.67 | 1.74 | 1.80 | 1. 84
R/ B |14.7]14.9]15.1[15.1[16.1]14.9|15.3| 14.1 SCHRL14] | 1,49 | 1.49 | 1.49 | 1.49 [ 1.49 | 1.49 [ 1.49 | 1.49 | 1.49

Nem ™| ¢ [10.8(12.913.7]13.9|14.6|15.3|15.7 | 16.2

X2/ % (22.15]12. 08| 4.70 | 2.01 | 7. 38 [12.08|16.78|20. 81|23. 49

B/ (kN e m™1)[ 15.3 [ 17.1 [ 18.6 | 18.9 | 19.9 | 20.9 | 21.9 | 22.8

®7 XER[15]15 AT #RRIE X LL

Tab.7 Static stiffness comparison of reference [ 15]

Aa 0.97 [0.841]0.82|0.84|0.86|0.82|0.84 | 0.79 and this paper 108 N+ m™!
Ap 0.96 1 0.87 1 0.8110.80]0.81(0.71]0.70]0.62 e /MPa | 0.10{0.15]0.20 [ 0.25]0.30 [ 0.35|0.40 | 0.45 | 0.49
A 0.71]0.75|0.74 [ 0.74 | 0.73 | 0.73 | 0.72 | 0.71 KHHE | 3.17 3,57 [ 3.87 | 4.13 | 4.36 | 4.55 | 4.73 | 4.88 | 5.00
b 0.97]0.80]0.82 | 0.84|0.86|0.82 | 0.84]0.79 R[5 | 4.86 | 4.86 | 4.86 | 4.86 | 4.86 | 4.86 | 4.86 | 4.86 | 4.86
A 0.73]0.71]0.68 [ 0.69 | 0.70 | 0.65 | 0.65 | 0.60 FAXHR 2 /% | 34. 77|26 54|20, 47| 15.02(10. 29| 6.38 | 2.67 | 0. 41 | 2.88
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